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(54) FUEL CONTROL DEVICE FOR DIESEL ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To correct a fuel 
injection amount by an injector 5 to increase when a 
direct injecting diesel engine 1 becomes an 
accelerating operation state, and to make improving 
acceleration performance and reducing combustion 
noise and emission compatible at a high level when 
conducting auxiliary injection by the injector 5 in 
advance of main injection at least in an early 
accelerating operation stage. 
SOLUTION: When the engine 1 becomes an 
accelerating operation state (SA4), the auxiliary 
injection amount and the main injection amount of 
fuel by the injector 5 are respectively corrected to 
increase (SA7), and the engine 1 is estimated 
whether shifting to a set operating area in a high load side or not (SA8). When the engine 
1 Is estimated to shift to the set operating area, increasing correction of the auxiliary 
injection amount is limited so as to decrease an auxiliary injection ratio R which is a ratio of 
the auxiliary injection mount of fuel to the main injection amount (SA9, SA10), 
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CLAIMS 



[Claim(s)] 

[Claim 1] When the fuel injection valve which carries out injection supply of the fuel directly, and an 
engine will be in acceleration operational status at an engine gas column internal combustion glow 
room, The fuel increase-in-quantity amendment means which carries out increase-in-quantity 
amendment of the fuel oil consumption by said fuel injection valve, In the fuel control system of the 
diesel power plant which had at least the fuel-injection control means to which the main injection of 
a fuel and the subinjection before this are made to carry out by said fuel injection valve in early 
stages of [ acceleration operation ] engine When it is predicted that an engine shifts even to a setting 
operating range with a prediction means to predict whether this engine shifts even to a setting 
operating range by the side of a heavy load, and said prediction means when an engine will be in 
acceleration operational status, The fuel control system of the diesel power plant characterized by 
having an increase-in-quantity regulation means to restrict increase-in-quantity amendment of this 
subinjection quantity, compared with the time which is not so so that the subinjection rate which is a 
rate to the amount of main injection of the subinjection quantity of said fuel may decrease. 
[Claim 2] It is the fuel control system of the diesel power plant characterized by being constituted so 
that increase in quantity of the subinjection quantity according [ on claim 1 and / an increase-in- 
quantity regulation means ] to a fuel increase-in-quantity amendment means may be forbidden. 
[Claim 3] It is the fuel control system of the diesel power plant characterized by being constituted so 
that an increase-in-quantity regulation means may carry out specified quantity reduction of the 
amount of increase-in-quantity amendments of the subinjection quantity by the fuel increase-in- 
quantity amendment means in claim 1 . 

[Claim 4] When the fuel injection valve which carries out injection supply of the fuel directly, and an 
engine will be in acceleration operational status at an engine gas column internal combustion glow 
room, The fuel increase-in-quantity amendment means which carries out increase-in-quantity 
amendment of the fuel oil consumption by said fuel injection valve. In the fuel control system of the 
diesel power plant which had at least the fuel-injection control means to which the main injection of 
a fuel and the subinjection before this are made to carry out by said fuel injection valve in early 
stages of [ acceleration operation ] engine When judged with having shifted to a setting operating 
range with a judgment means to judge that the engine shifted to a setting operating range by the side 
of a heavy load, and said judgment means. The fuel control system of the diesel power plant 
characterized by having an increase-in-quantity regulation means to restrict increase-in-quantity 
amendment of this subinjection quantity, compared with this judgment before so that the 
subinjection rate which is a rate to the amount of main injection of the subinjection quantity of said 
fuel may decrease. 

[Claim 5] An increase-in-quantity regulation means is the fuel control system of the diesel power 
plant characterized by being constituted so that the amount of increase-in-quantity amendments of 
the subinjection quantity by the fuel increase-in-quantity amendment means may be compulsorily 
made into zero when the shift to an engine setting operating range is judged by the judgment means 
in claim 4. 

[Claim 6] When the fuel injection valve which carries out injection supply of the fuel directly, and an 
engine will be in acceleration operational status at an engine gas column internal combustion glow 
room. The fuel increase-in-quantity amendment means which carries out increase-in-quantity 
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amendment of the fuel oil consumption by said fuel injection valve, In the fuel control system of the 
diesel power plant which had at least the fuel-injection control means to which the main injection of 
a fuel and the subinjection before this are made to carry out by said fuel injection valve in early 
stages of [ acceleration operation ] engine Said fuel increase-in-quantity amendment means so that 
the subinjection rate which is a rate to the amount of main injection of the subinjection quantity of 
said fuel may decrease according to increase of engine loaded condition, when an engine is 
acceleration operational status The fuel control system of the diesel power plant characterized by 
being constituted so that the amoimt of increase-in-quantity amendments of this subinjection quantity 
and the amount of main injection may be changed. 

[Claim 7] A fuel increase-in-quantity amendment means is the fuel control system of the diesel 
power plant characterized by being the thing which makes the quantity of subinjection and the 
amount of main injection of a fuel increase , respectively so that the subinjection rate in early stages 
of acceleration operation may increase at least compared with the time of being in acceleration 
operational status in inside load operational status , when an engine will be in acceleration 
operational status in the state of low load driving in claims 1 and 4 or any one of the 6 . 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the fuel control system of the direct fuel-injection 
diesel engine which was made to carry out injection supply of the fuel by the fuel injection valve 
directly, and belongs to an engine gas column internal combustion glow room especially at the 
technical field of the subinjection control at the time of acceleration operation of an engine. 
[0002] 

[Description of the Prior Art] What was made to perform pilot injection (subinjection) in advance of 
the main injection is known until the charge pressure of the inhalation of air by the 
turbosupercharger starts in early stages of acceleration operation as a fuel-injection control device of 
this kind of engine conventionally in the diesel power plant which equipped the turbosupercharger so 
that it may be indicated by JP,9-228880,A. The sensor which detects the inhalation air content to an 
engine gas colunm internal combustion glow room is formed, based on the output signal from this 
sensor, the quantity of the fuel oil consumption by pilot injection is increased, so that there are few 
inhalation air contents, and he shortens the ignition-delay time amount of the fuel by which the main 
injection was carried out also in the low turbocharge pressure condition by raising whenever 
[ cylinder intemal temperature / in case combustion of this fiiel performs the main injection ], and is 
trying to reduce a combustion noise appropriately in this thing. 

[0003] The effectiveness of the ignitionability improvement by such pilot injection Although it is 
similarly obtained about what does not equip a turbosupercharger and the temperature condition of a 
combustion chamber is generally relatively low in early stages of acceleration operation Since 
increase-in-quantity amendment of the fuel oil consumption is carried out according to increase of a 
demand output, by performing pilot injection at this time and improving the ignitionability of the 
fuel spray of the main injection etc. sharply, engine power can reduce a combustion noise with slight 
height, and emission can be reduced. 
[0004] 

[Problem(s) to be Solved by the Invention] by the way, since the fuel injection equipment which 
adopted the common-rail method etc. in recent years and a diesel power plant is put in practical use, 
the injection pressure of the fuel (gas oil) to a gas column intemal combustion glow room compares 
by the former, it is markedly alike, it is high and the characteristics of atomization of fuel fog are 
improved notably by this, an ignition-delay period tends to become sharply and short. 
[0005] If it is made to perform pilot injection imder the conditions of the fliel injection of such extra- 
high voltage as mentioned above corresponding to acceleration operation of an engine, while it is 
expectable in effectiveness, such as improvement in an output, and reduction of a combustion noise 
and emission, in early stages of acceleration operation like the above, when it becomes to the 
anaphase of acceleration operation and the temperature condition of a combustion chamber becomes 
high, it may become intense too much and the combustion of a fuel by which pilot injection was 
carried out may invite increase of a combustion noise, and the increment in emission. 
[0006] In the direct fuel-injection diesel engine which was made to perform subinjection of a fuel 
corresponding to acceleration operation, the place which this invention is made in view of this point, 
and is made into the purpose is mainly elaborating control of the subinjection quantity, and is to 
reconcile improvement in the acceleration engine performance, and reduction of a combustion noise 
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or emission by high order origin. 
[0007] 

[Means for Solving the Problem] In order to attain said pxirpose, with the 1st solution means of this 
invention, it predicted whether when an engine will be in acceleration operational status, an engine 
would be in predetermined heavy load operational status by this acceleration operation, and when it 
predicted that it will be in heavy load operational status, increase in quantity of the subinjection 
quantity of a fuel was restricted. 

[0008] When the fuel injection valve 5 to which invention of claim 1 carries out injection supply of 
the fuel directly at the gas column 2 internal-combustion glow room 4 of an engine 1 as shown in 
drawing 1 (a), and an engine 1 will be in acceleration operational status concretely. Fuel increase-in- 
quantity amendment means 40b which carries out increase-in-quantity amendment of the fuel oil 
consumption by said fuel injection valve 5, It is premised on the fuel control system A of the diesel 
power plant which had at least fuel-injection control means 40a to which the main injection of a fuel 
and the subinjection before this are made to perform by said fuel injection valve 5 in early stages of 
[ acceleration operation ] the engine 1 . And prediction means 40c which predicts whether this engine 
1 shifts even to a setting operating range by the side of a heavy load when an engine 1 will be in 
acceleration operational status. When it is predicted that an engine 1 shifts even to a setting operating 
range by this prediction means 40c, Compared with the time which is not so, it considers as a 
configuration equipped with 40d of increase-in-quantity regulation means to restrict increase in 
quantity of this subinjection quantity so that the subinjection rate R which is a rate to the amount of 
main injection of the subinjection quantity of said fuel may decrease. 

[0009] When an engine 1 will be in acceleration operational status at least by the aforementioned 
configuration, the main injection of a fuel and subinjection before this are performed by actuation 
control of the fuel injection valve 5 by fuel-injection control means 40a. That is, since the main 
injection will be performed by the fuel injection valve 5, ignition-delay time amount becomes very 
short, and comes to carry out diffusive burning of this fuel by which the main injection was carried 
out good in the place where the subinjected fuel was mixed with air at, it burned at (premixed 
combustion), and the temperature and the pressure condition of a combustion chamber 4 were raised 
by this combustion. And even if the quantity of fuel oil consumption is increased by the quantity of 
the subinjection quantity and the amount of main injection of said fuel being increased by fuel 
increase-in-quantity amendment means 40b, respectively when the temperature and the pressure 
condition of a combustion chamber 4 go up promptly as much as possible by increase in quantity of 
the subinjection quantity while engine power improves, reduction of a combustion noise and 
emission is achieved. 

[0010] furthermore, when it is predicted by prediction means 40c that an engine 1 shifts even to a 
setting operating range by the side of a heavy load Since increase-in-quantity amendment of the 
aforementioned subinjection quantity is restricted by 40d of increase-in-quantity regulation means 
Even if an engine 1 shifts to the anaphase of acceleration operation at a setting operating range and a 
combustion chamber 4 becomes with some overheating, it is controlled that combustion of the 
subinjected fuel becomes intense too much, and, therefore, it can avoid increase of a combustion 
noise or emission. 

[001 1] In invention of claim 2, increase in quantity of the subinjection quantity according an 
increase-in-quantity regulation means to a fiiel increase-in-quantity amendment means shall be 
forbidden. It is certainly avoidable that the subinjection quantity of the fuel by the fuel injection 
valve becomes the same as the time of a steady operation condition, and combustion of this 
subinjection fuel becomes intense too much also by engine acceleration operational status by 
carrying out like this. 

[0012] In invention of claim 3, specified quantity reduction of the amount of increase-in-quantity 
amendments of the subinjection quantity according an increase-in-quantity regulation means to a fuel 
increase-in-quantity amendment means shall be carried out. By carrying out like this, it can control 
that the combustion of a fuel the subinjection quantity was carried out [ combustion ] by the fuel 
injection valve becomes intense too much at an acceleration operation anaphase, raising the 
temperature and the pressure condition of a combustion chamber 4 in early stages of acceleration 
operation of an engine. 
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[0013] Next, with the 2nd solution means of this invention, the engine would be in acceleration 
operational status, and after that, when it actually shifted to a setting operating range by the side of a 
heavy load, compared with shift before, increase in quantity of the subinjection quantity of a fiiel 
was restricted. 

[0014] When the fiiel injection valve 5 to which invention of claim 4 carries out injection supply of 
the fiiel directly at the gas colximn 2 internal -combustion glow room 4 of an engine 1 as shown in 
drawing 1 (b), and an engine 1 will be in acceleration operational status concretely, Fuel increase-in- 
quantity amendment means 40b which carries out increase-in-quantity amendment of the fiiel oil 
consumption by said fiiel injection valve 5, It is premised on the fiiel control system A of the diesel 
power plant which had at least fiiel-injection control means 40a to which the main injection of a fiiel 
and the subinjection before this are made to perform by said fuel injection valve 5 in early stages of 
[ acceleration operation ] the engine 1. And when judged with having shifted to a setting operating 
range by judgment means 40e which judges that the engine 1 shifted to a setting operating range by 
the side of a heavy load, and this judgment means 40e, it carries out compared with this judgment 
before as a configuration equipped with 40d of increase-in-quantity regulation means restrict 
increase-in-quantity amendment of this subinjection quantity so that the subinjection rate R which is 
a rate to the amount of main injection of the subinjection quantity of said fiiel may decrease. In 
addition, judgment means 40e should just judge that this engine 1 shifted to a setting operating range 
based on the loaded condition thru/or the engine speed of an engine 1 . 
[0015] When an engine 1 will be in acceleration operational status by the aforementioned 
configuration, subinjection and the main injection of a fiiel are performed by the fiiel injection valve 
5 like invention of claim 1, and this injected fiiel comes to carry out diffusive burning good after a 
very short ignition delay. Moreover, engine power improves by the quantity of the subinjection 
quantity and the amount of main injection of said fiiel being increased by fuel increase-in-quantity 
amendment means 40b, respectively. Furthermore, the temperature and the pressure condition of a 
combustion chamber 4 go up promptly as much as possible, and reduction of a combustion noise and 
emission is achieved by increase in quantity of the subinjection quantity of the fiiel. On the other 
hand, if an engine 1 shifts to the anaphase of acceleration operation at a setting operating range by 
the side of a heavy load, this will be judged by judgment means 40e, and increase-in-quantity 
amendment of the subinjection quantity will be restricted by 40d of increase-in-quantity regulation 
means so that the subinjection rate R of a fiiel may decrease compared with this judgment before. 
Thereby, even if the combustion chamber 4 of an engine 1 has become with some overheating, it 
controls that combustion of the subinjected fiiel becomes intense too much, and increase of a 
combustion noise or emission can be avoided, 

[0016] That is, a combustion noise and emission can be reduced by making the quantity of the 
subinjection quantity of a fiiel fiiUy increase in early stages of acceleration operation of an engine 1, 
and restricting increase in quantity of the aforementioned subinjection quantity to the acceleration 
operation anaphase when a combustion chamber 4 becomes with some overheating, while a 
combustion noise and emission can be reduced by raising the fiammability of the fiiel by which the 
main injection is carried out. 

[0017] In invention of claim 5, when the shift to an engine setting operating range is judged by the 
judgment means in the increase-in-quantity regulation means in claim 4, the amount of increase-in- 
quantity amendments of the subinjection quantity by the fiiel increase-in-quantity amendment means 
shall be compulsorily made into zero. By carrying out like this, it is certainly avoidable that the 
subinjection quantity of the fiiel by the fiiel injection valve becomes the same as the time of a steady 
operation condition, and combustion of the subinjected fiiel becomes intense too much by this at an 
engine acceleration operation anaphase. 

[0018] Next, when an engine was acceleration operational status, it was made to decrease the rate 
(subinjection rate) to the amount of main injection of the subinjection quantity of the fiiel by the fiiel 
injection valve with the 3rd solution means of this invention, while engine loaded condition 
increased. 

[0019] When the fuel injection valve to which invention of claim 6 carries out injection supply of the 
fiiel directly at an engine gas colunm internal combustion glow room, and an engine will be in 
acceleration operational status concretely. The fiiel increase-in-quantity amendment means which 
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carries out increase-in-quantity amendment of the fuel oil consumption by said fuel injection valve. 
At least, in early stages of [ acceleration operation ] engine, it sets to this thing on the assumption 
that the fuel control system of the diesel power plant equipped with the fuel-injection control means 
to which the main injection of a fuel and the subinjection before this are made to carry out by said 
fuel injection valve. The amoimt of increase-in-quantity amendments of this subinjection quantity 
and the amount of main injection shall be changed so that the subinjection rate which is a rate to the 
amoxmt of main injection of the subinjection quantity of said fuel may decrease said fuel increase-in- 
quantity amendment means according to increase of engine loaded condition, when an engine is 
acceleration operational status. 

[0020] While subinjection and the main injection of a fuel are performed by the fuel injection valve 
like invention of claim 1 or claim 4 in engine acceleration operational status by this configuration, 
the quantity of that subinjection quantity and the amount of main injection is increased by the fuel 
increase-in-quantity amendment means, respectively, and reduction of improvement in engine 
power, a combustion noise, and emission is achieved. And if an engine shifts to a heavy load side 
from a low loading side by acceleration operation, the amount of increase-in-quantity amendments of 
the subinjection quantity of a fuel and the amount of main injection will be suitably changed so that a 
subinjection rate may decrease gradually with said fuel increase-in-quantity amendment means 
according to increase of engine loaded condition. As well as [ in this ] invention of said claim 4, 
while the quantity of the subinjection quantity of a fuel is fully increased in early stages of 
acceleration operation of an engine, after that, according to change of engine operational status, a 
subinjection rate changes the optimal and, thereby, it is compatible [ rate ] at improvement in the 
engine power under acceleration operation, a combustion noise, and a dimension with very high 
reduction of emission. 

[0021] The quantity of subinjection and the amount of main injection of a fuel is made to increase in 
invention of claim 7, respectively so that the subinjection rate in early stages of acceleration 
operation may increase claims 1 and 4 or the fuel increase-in-quantity amendment means in any one 
of the 6 at least compared with the time of being in acceleration operational status in inside load 
operational status, when an engine will be in acceleration operational status in the state of low load 
driving. 

[0022] The subinjection quantity of a fuel is increased and the temperature condition of a 
combustion chamber is promptly raised by combustion of the subinjection fuel, so that the loaded 
condition of ** is low and the temperature condition of a combustion chamber is low at this, when 
an engine will be in acceleration operational status. Thereby, even if it makes [ many / quite ] the 
injection quantity of the fuel by the fuel injection valve corresponding to acceleration operation, the 
fuels of a lot of can be burned good. 
[0023] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained based 
on a drawing. 

[0024] (Operation gestalt 1) Drawing 2 shows the whole control-device A configuration of the diesel 
power plant concerning the operation gestalt 1 of this invention, and 1 is a serial 4-cylinder diesel 
power plant carried in a car. This engine 1 has four gas columns 2, 2, 2, and 2, the piston (not shown) 
is fitted in so that it can reciprocate in each of that gas colximn 2, and the combustion chamber 4 is 
divided in each gas column 2 with this piston. Moreover, although exaggeratingly shown in drawing 
in the top-face abbreviation center section of each of that combustion chamber 4, an injector (fuel 
injection valve) 5 is arranged so that it may extend along with the center line of a gas column 2, and 
the injection nozzle is prepared in the point of each of this injector 5 in one. Branch pipes 6a and 6a 
and — connect to the common common rail 6 which stores a fuel in the state of the high pressure 
more than the injection pressure, respectively, and these injectors 5 and 5 and - carry out injection 
supply of the high-pressure fuel supplied from said common rail 6 directly from two or more nozzle 
holes at the tip of an injection nozzle in a combustion chamber 4 by closing motion actuation being 
carried out by the actuator which the core valve of an injection nozzle does not illustrate. Moreover, 
fuel pressure sensor 6b which detects internal fuel pressure (common rail pressxire) is arranged by 
the common rail 6. 

[0025] Said common rail 6 is connected to a fuel feed pump 8 through the high-pressure fuel feeding 
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pipe 7, and the fiiel feed pump 8 is connected to the fuel tank 10 through the fuel feeding pipe 9. 
while sucking up this fuel fe^ pump 8, accepting and driving the rotation input from the crankshaft 
of an engine 1 to input-shaft 8a, and filtering the fiiel in a fiiel tank 1 0 by the fiiel filter 1 1 through a 
fuel feeding pipe 9 - a jerk ~ a fuel is fed to a conmion rail 6 by the formula feeding system. 
Moreover, some fuels sent out to a fuel feed pimip 8 by that feeding system are missed in the fuel 
return tubing 12, the solenoid valve which adjusts the discharge quantity of a pump is formed, and 
the pressure condition of the fuel in a common rail 6 is held at the predetermined condition 
corresponding to the operational status of an engine 1 by controlling the opening of this solenoid 
valve according to the detection value by said fuel pressure sensor 6b. 

[0026] In addition, when common rail pressure becomes beyond a predetermined value, the sign 13 
of this drawing shows the pressure limiter which makes a fuel discharge from a common rail 6, and 
the fuel discharged from this pressure limiter circulates the fuel return tubing 14, and it is retumed 
for it to a fiiel tank 10, Moreover, the sign 15 shows fuel return tubing for returning some fuels to a 
fuel tank 10 from an injector 5. 

[0027] Although not illustrated for details in this engine 1, the crank angle sensor 16 which detects 
angle of rotation of a crankshaft, the cam angle sensor 17 which detects angle of rotation of a valve 
gear system cam shaft, and the engine water temperature sensor 18 which detects a circulating water 
temperature (engine water temperature) are formed, the electromagnetism arranged so that said crank 
angle sensor 16 may carry out phase opposite at the plate for [ detected ] prepared in the crankshaft 
edge, and its periphery - it consists of pickup and a pulse signal is outputted corresponding to 
passage of the height which covered the periphery section perimeter of said plate for [ detected ], and 
was formed at equal intervals, moreover, the electromagnetism which outputs a pulse signal when 
two or more heights similarly prepared in the predetermined part of a cam shaft peripheral surface 
and each of its height pass said cam angle sensor 17 - it consists of pickup. In addition, the sign 19 
shows the vacuimi pump driven with said cam shaft. 

[0028] Moreover, the inhalation-of-air path 20 which supplies the air filtered with the air cleaner 
outside drawing to a combustion chamber 4 is connected to one engine 1 side (on drawing). A surge 
tank 21 is formed in the down-stream edge of this inhalation-of-air path 20, and each path which 
branched from this surge tank 21 is open for free passage to the combustion chamber 4 of each gas 
colunm 2 with the suction port which is not illustrated, respectively. Moreover, the charge pressure 
sensor 22 which detects the pressure condition of the inhalation of air fed by the below-mentioned 
turbosupercharger 3 1 is arranged by the surge tank 21 . Furthermore, the inhalation-of-air throttle 
valve 26 which serves as the hot-film type intake air flow sensor 23 which detects the inhalation-of- 
air flow rate inhaled in order at an engine 1 , the blower 24 which drives in the below-mentioned 
turbine 29 and compresses inhalation of air, and the intercooler 25 which cools the inhalation of air 
compressed by this blower 24 from a butterfly valve toward the upstream to the downstream is 
formed in said inhalation-of-air path 20. Notching is prepared so that a valve stem may rotate with a 
stepping motor, it may be positioned in the condition of the arbitration from a close by-pass bulb 
completely to full open, although this inhalation-of-air throttle valve 26 is not illustrated for details, 
and air may flow also in the state of a close by-pass bulb completely. 

[0029] On the other hand, the exhaust manifold 27 which discharges combustion gas (exhaust air) 
from the combustion chamber 4 of each gas column 2, respectively is connected to the opposite side 
(under drawing) of an engine 1, and the flueway 28 is connected to the down-stream edge set section 
of this exhaust manifold 27. In order, the turbine 29 rotated by the exhaust stream and the catalytic 
converter 30 for removing the injurious ingredients xmder exhaust air (unbumt [ HC ], CO and NOx, 
smoke, etc.) are arranged in this flueway 28 toward the downstream from the upstream. Although the 
turbosupercharger 3 1 which consists of said turbine 29 and blower 24 of the inhalation-of-air path 20 
is not illustrated for details, it is VGT (variable geometry turbo) to which it was made to change the 
cross-sectional area (nozzle cross-sectional area) of the exhaust air passage to a turbine 29 by the 
flap of working, and rotates said flap with the actuator 35 of the negative pressure drive type using 
the negative pressure from a vacuum pump 19. 

[0030] Moreover, said catalytic converter 30 has the support made from cordierite of the honeycomb 
structure which has the through tube of a large number mutually prolonged in parallel along the 
direction where exhaust air flows although not illustrated for details, and the so-called catalyst bed of 
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the Lean NOx catalyst is formed in each through tube wall surface of the support. This Lean NOx 
catalyst works also as a three way component catalyst near theoretical air fuel ratio while being able 
to carry out reduction purification of NOx under exhaust air even if the average excess air factor 
lambda of a combustion chamber 4 is in the bigger Lean condition than 1 when the oxygen density 
under exhaust air is high namely. 

[0031] Furthermore, multipoint connection of said flueway 28 is carried out to the upper edge of the 
exhaust air reflux path (henceforth an EGR path) 33 which it is [ path ] the part of the exhaust air 
upstream and makes a part of exhaust air flow back to an inspired air flow path rather than the 
turbine 29, the down-stream edge of this EGR path 33 is connected to the inhalation-of-air throttle 
valve 26 and the middle inhalation-of-air path 20 of a surge tank 21 , and it makes a part of exhaust 
air taken out from the flueway 28 flow back to the inhalation-of-air path 20. Moreover, the amount 
control valve 34 of exhaust air reflux (henceforth an EGR valve) in which opening accommodation 
is possible is arranged, by closing motion actuation of this EGR valve 34 being carried out by the 
negative pressure drive type actuator 35 like the flap of said turbosupercharger 3 1 , the path cross 
section of the EGR path 33 changes to a linear, and the flow rate of exhaust air which flows back to 
the inhalation-of-air path 20 is adjusted by the down-stream edge approach in the middle of this EGR 
path 33. 

[0032] Each of said each injector 5, a fuel feed pump 8, inhalation-of-air throttle valves 26, VGT(s) 
31, and EGR valve 34 grades operates with the control signal from a control unit (Electronic 
Contorol Unit: call it Following ECU) 40. On the other hand, the output signal from said fuel 
pressure sensor 6b, the output signal from the crank angle sensor 16 and the cam angle sensor 17, the 
output signal from the engine water temperature sensor 18, the output signal from the charge 
pressure sensor 22, the output signal from an intake air flow sensor 23, and the output signal from 
the accelerator opening sensor 36 which detects the control input (accelerator opening) of the 
accelerator pedal by the operator of a car which is not illustrated are inputted into this ECU40 at 
least. 

[0033] And while mainly determining target fuel oil consumption as fundamental control by said 
ECU40 based on accelerator opening and controlling the injection amount of supply and fuel 
injection timing of a fuel by actuation control of an injector 5, conraion rail pressure, i.e., a **** 
injection pressure, is controlled by actuation of the high-pressure-distribution pump 8. Moreover, the 
average excess air factor of a combustion chamber 4 is controlled by adjusting an inhalation air 
content by actuation control of the inhalation-of-air throttle valve 26 and the EGR valve 34. 
Furthermore, he is trying for actuation control (VGT control) of the flap of VGT3 1 to raise the 
supercharge effectiveness of inhalation of air. 

[0034] Although mentioned later in detail, an injector 5 is made to perform subinjection before this 
main injection for the main injection of a fuel near the compression top dead center (TDC) of a gas 
column in the **** operating range of an engine 1, as fuel-injection control, concretely, again, 
respectively, as shown in drawing 3 (b). Moreover, while making the quantity of the total injection 
quantity of the fuel by this subinjection and the main injection mainly increase the quantity of or 
decrease according to change of the loaded condition of an engine 1 By changing finely a rate 
(subinjection rate) R, an initiation stage of each injection actuation, etc. to the amoimt of main 
injection of the subinjection quantity of a fuel according to the loaded condition of an engine 1, or 
change of a rotational frequency He attains optimization of formation of the fixel spray in the 
combustion chamber 4 of each gas column 2, and is trying to satisfy opposite various demands, such 
as fuel consumption engine performance of an engine 1, output engine performance, heat-resistant 
dependability, and emission, to high order origin by this. 

[0035] Moreover, while defining a target excess air factor common to all the gas columns 2 as 
actuation control (EGR control) of said EGR valve 34 according to the operational status of an 
engine 1, for example, based on an intake air flow sensor output, the actual inhalation air content to 
the combustion chamber 4 of each gas column 2 is detected, and the amoimt of exhaust air reflux is 
controlled based on this detection value and the fuel oil consumption for every gas column 2 to 
become said target excess air factor. That is, by adjusting the amount of exhaust air reflux for every 
gas column 2, the amovmt of inhalation of the new mind (open air) to a combustion chamber 4 is 
changed, and the excess air factor of each gas column 2 intemal-combustion glow room 4 is 
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controlled to become a target excess air factor. 

[0036] Furthermore, in order to make exhaust air of requirements flow back by the above EGR 
control, while making the inhalation-of-air path 20 mainly generate negative pressure as actuation 
control of the inhalation-of-air throttle valve 26 by making the inhalation-of-air throttle valve 26 into 
a close-by-pass-bulb-completely condition at the time of idle operation of an engine 1 , in the other 
operational status, it is made to make the inhalation-of-air throttle valve 26 into a full open condition 

in general. i • u 

[0037] In addition, although it is increasing the amoimt of reflux of exhaust air and making the 
standup of early premixed combustion quiet in a direct fuel-injection diesel engine generally and 
generation of NOx can be controlled, if the amount of exhaust air reflux increases, the inhalation air 
content of the part and new mind will decrease, the average excess air factor of a combustion 
chamber becomes small, and there is an inclination which the amovmt of generation of the smoke in a 
local fault rich-mixture part increases. So, in control of the EGR valve 34 in this operation gestalt, 
the desired value of said excess air factor is set as the smallest possible value in the range which does 
not increase out of a smoke. 

[0038] (Fuel-injection control of a steady operation condition) Next, if fuel-injection control in case 
an engine 1 is in a steady operation condition is explained, two or more injection control maps as 
show an example to drawing 4 (a) and (b) will be electronically stored in the memory of ECU40, and 
control data will be read from these injection control maps according to the operational status of an 
engine 1. for example, on the map of the fuel oil consiimption shown in this drawing (a) The 
optimum value of the basic fuel oil consumption Qb experimentally determined according to the 
loaded condition of an engine 1 and change of an engine speed is recorded. It is based on the target 
torque (loaded condition of an engine 1) searched for based on the output signal from the accelerator 
opening sensor 36, and the engine speed for which it asked based on the output signal from the crank 
angle sensor 16. The basic fuel oil consumption Qb corresponding to the demand output of an engine 
I is read from said fuel-oil-consumption map. The basic injection quantity Qb read by carrying out 
setting record so that an engine speed is so high that target torque is large and this basic fiiel oil 
consumption Qb may increase, and doing in this way is amended according to engine water 
temperature, a MAP, etc., and final target fuel oil consumption is determined. 
[0039] Moreover, it matches with the loaded condition and the engine speed of an engine 1 like the 
above, and the subinjection rate R is recorded on the map of the subinjection rate shown in this 
drawing (b). According to this drawing, except for the fuel cut field which stops injection supply of 
the fuel by the injector 5, the subinjection rate R is made into R= 20 - 40% in operating-range (**) 
by the side of low loading, and it considers as R= 10 - 20% by inside load operating-range (**), and 
may be R= 5 - 1 0% by the operating range by the side of a heavy load (Ha) further. That is, the 
subinjection rate R is made so large that the loaded condition of an engine 1 is low. In addition, since 
the total injection quantity of the fuel with which subinjection and the main injection were doubled 
increases so that the loaded condition of an engine 1 is high, the direction of injection quantity [ sub] 
of a fuel of the heavy load side of an engine 1 increases as a result. 

[0040] Although not illustrated, furthermore, in the memory of ECU40 It matches with the loaded 
condition and the engine speed of an engine 1 like the above. The map of fuel injection timing which 
recorded the clausilium stage (crank angle location which closes the nozzle of an injector 5) of an 
injector 5 in subinjection and the main injection, respectively is stored electronically. Based on the 
valve-opening time interval of the injector 5 for injecting the clausilixun stage of the injector 5 read 
from this map, and a necessary fuel, the crank angle location which opens the nozzle of this injector 
5, i.e., an injection initiation stage, is set up. 

[0041] The tooth lead angle of the fuel injection timing is carried out to the map of this fuel injection 
timing, so that common rail pressure is so low that engine water temperature is low, if it matches 
with the loaded condition, the engine speed, the engine water temperature, and conunon rail pressure 
of an engine 1, the clausilium stage of an injector 5 is recorded and an example is given. This is for 
considering as the always optimal combustion condition with engine water temperature etc. 
corresponding to the ignition-delay time amount of a fuel changing. Moreover, with this operation 
gestalt, the tooth lead angle of the stage of subinjection and the main injection is carried out, and it is 
made to lengthen injection halt spacing between them, so that an engine 1 is in a heavy load thru/or 
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high rotation side. In addition, more nearly such than 35-degreeCA after a compression top dead 
center (ATDC) of a gas column 2, in fuel injection timing, a tooth lead angle or in order [ although a 
lag is carried out, ] to prevent aggravation of a combustion condition, the termination stage of the 
main injection is considered as before. 

[0042] (Fuel-injection control of acceleration operational status) Next, although fuel-injection 
control in case an engine 1 is acceleration operational status is explained, this acceleration 
operational status is the so-called transient with a larger change of the operational status of an engine 
1 than predetermined, and transient fuel increase-in-quantity amendment is performed at this time. 
That is, while in addition to the control of a steady operation condition performed based on the 
operational status, i.e., the loaded condition, and the engine speed of an engine 1 like the above 
increase-in-quantity amendment of the target fuel oil consumption is carried out and a part for this 
increase-in-quantity amendment is distributed to subinjection and the main injection, respectively, 
the stage of this subinjection and the main injection is amended at a tooth-lead-angle side, 
respectively. 

[0043] Moreover, although the quantity of the amount of increase-in-quantity amendments of the 
aforementioned fuel oil consumption is mainly increased corresponding to the change condition of 
accelerator opening so that it is in a sudden acceleration condition and may increase As a description 
part of the invention in this application, with this operation gestalt The method of distribution to 
subinjection and the main injection of the amount of fuel increase-in-quantity amendments is 
determined based on the loaded condition and the engine speed of this engine 1 when an engine 1 
will mainly be in acceleration operational status. Furthemaore, he is trying to change especially the 
subinjection quantity thru/or a subinjection rate according to the loaded condition and the engine 
speed of an engine 1 in the anaphase of acceleration operation. 

[0044] Hereafter, it is based on the flow chart Fig. shown in drawing 5 , and the procedure of the 
fuel-oil-consxmiption control at the time of the acceleration operational status of an engine 1 is 
explained concretely. In addition, this control procedure is performed independently by the 
predetermined crank angle every gas column 2 according to the control program electronically stored 
on the memory of ECU40. 

[0045] First, in the step SA 1 after a start, input data, such as a crank angle signal, an intake air flow 
sensor output, accelerator opening, charge pressure, and engine water temperature, and they are set 
to the continuing step SA 2. It is based on the target torque searched for from accelerator opening, 
and the engine speed for which it asked from the crank angle signal. The basic fuel oil consumption 
Qb is read from the map of the fuel oil consumption of said drawing 4 (a), this basic fuel oil 
consumption Qb is amended according to engine water temperature, a MAP, etc., and the target fuel 
oil consumption Q is set up. Then, in a step SA 3, the subinjection rate R is read from the map of the 
subinjection rate of said drawing 4 (b), the target fuel oil consumption Q calculated at said step SA 2 
is distributed based on the subinjection rate R, and the subinjection quantity Qp and the amount Qm 
of main injection of a fundamental fuel are calculated. 
[0046] 

Qp = RxQ Qm The stage of the subinjection by the injector 5 and the main injection is set as a =(1- 
R) xQ pan, respectively. 

[0047] Then, in a step SA 4, an engine 1 judges whether it is acceleration operational status, this 
judgment is performed based on accelerator opening, its change rate, and the change degree of an 
engine speed, and this judgment result is not acceleration operational status in NO - if it becomes 
NO, while progressing to a step SA 14, if accelerator opening is larger than a larger and criterion 
[ than a predetermined criterion value ] value predetermined in the rise variation of an engine speed, 
it will judge with YES by acceleration operational status, and will progress to a step SA 5, for 
example. The value of the acceleration judging flag F which shows that an engine 1 is acceleration 
operational status at this step SA 5 distinguishes whether it is 0, and if it is F-1 If it is F= 0 while 
judging with it continuing from the last control cycle and an engine 1 being acceleration operational 
status and progressing to a step SA 13 It judges with the engine 1 having been from the steady 
operation condition in acceleration operational status, and progresses to a step S A 6, and the value of 
the acceleration judging flag F is set to 1 in this step SA 6 (F-1). 

[0048] Then, in a step S A 7, increase-in-quantity amendment of the fuel oil consumption is carried 
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out so that it may correspond to acceleration operation of an engine 1 . That is, first, according to 
variation, its change rate, etc. of accelerator opening, the amoxint of increase-in-quantity amendments 
is calculated so that this actuation is so sudden that the accelerator control input by the operator is 
large, and fiiel oil consumption may increase. Then, the distribution coefficient to the subinjection of 
said amoimt of increase-in-quantity amendments from a control map as shown, for example in 
drawing 6 is read, said amount of increase-in-quantity amendments is distributed based on this 
multipUer, and subinjection increase-in-quantity value deltaQp and main-injection increase-in- 
quantity value deltaQm are set up, respectively (delta Qp>delta Qm). 

[0049] According to the control map of said drawing 6 , here a distribution coefficient So that the 
loaded condition and the engine speed of an engine 1 when being in acceleration operational status 
are low If it is set up so that it may become large, for example, an engine 1 is in low rotation and a 
low-load-driving condition, the subinjection rate R will become about 100%. Moreover, if an engine 
1 is in a middle turn and low Naka load operational status, a subinjection rate will become about 
80%, and further, if it is the loaded condition thru/or the engine speed beyond it, the subinjection rate 
R will become about 60%. That is, when an engine 1 will be in acceleration operational status, he is 
trying to distribute an increased part of fuel oil consumption to subinjection and the main injection 
fundamentally, as it is also at the distribution rate corresponding to the operational status of the 
engine 1 at that time, 

[0050] Then, in a step SA 8, it predicts whether this engine 1 shifts even to a setting operating range 
by the side of a heavy load based on the variation of accelerator opening, the change rate, loaded 
condition when an engine 1 will be in acceleration operational status further, an engine speed, etc. 
As a slash is put in and shown in drawing 7 , it is the heavy load region of an engine 1, and is 
beforehand set as a middle tum thru/or a higji rotation field, and since there is much fuel oil 
consimiption and the engine speed is high, this setting operating range is a operating range which the 
combustion chamber 4 in each gas column 2 consists of with some overheating a little from the first. 
[0051] Then, when it predicts that it shifts to a setting operating range in said step SA 8, (judging 
calculates the subinjection loss-in-quantity value Qpt in YES) and the continuing step SA 9, and sets 
to the continuing step SA 10. Said subinjection loss-in-quantity value Qpt is subtracted from 
subinjection increase-in-quantity value deltaQp calculated at said step SA 7, and it progresses to a 
step SA 1 1 anew by setting the value after this subtraction to subinjection increase-in-quantity value 
deltaQp. On the other hand, when it predicts that it does not shift to a setting operating range in said 
step SA 8, as for NO) and subinjection increase-in-quantity value deltaQp, (judging remains as it is, 
and progresses to a step SA 1 1 . At this step SA 1 1, said subinjection increase-in-quantity value 
deltaQp is added to the subinjection quantity Qp calculated at said step SA 3, and the final 
subinjection quantity Qp is calculated. Then, in a step SA 12, the control signal corresponding to this 
subinjection quantity Qp and amount of main injection deltaQm is outputted to an injector 5, 
subinjection and the main injection of a fuel are performed with this injector 5, respectively, and a 
retum is carried out to after an appropriate time. 

[0052] That is, if it predicts that an engine 1 shifts even to a setting operating range by acceleration 
operation, in order to avoid that combustion of the subinjected fuel becomes intense too much in 
consideration of a combustion chamber 4 becoming with some overheating in this setting operating 
range, he is trying to suppress increase in quantity of the subinjection quantity of a fuel beforehand. 
In addition, you may make it amend the value according to accelerator opening, an engine speed, etc. 
that what is necessary is just to read the fixed value beforehand set up as a subinjection loss-in- 
quantity value Qpt in said step SA 9 from the memory of ECU40. 

[0053] On the other hand, in said step SA 5, an engine 1 continues from the last control cycle, and 
subinjection increase-in-quantity value deltaQp is made into the value (last deltaQp) in the last 
control cycle, and at the step SA 13 which judged with NO which is acceleration operational status, 
and progressed, a retum is carried out, after progressing to said step SA 1 1 and a step SA 12 and 
performing subinjection and the main injection of a fuel with an injector 5. That is, he is trying to 
maintain subinjection increase-in-quantity value deltaQp and main-injection increase-in-quantity 
value deltaQm which were set up in early stages of acceleration operation of an engine 1 as 
mentioned above imtil acceleration operation of an engine 1 is completed. 
[0054] Moreover, in said step SA 4, if judged with NO whose engine 1 is not acceleration 
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operational status, since the engine 1 is in the steady operation cx)ndition, it will progress to a step 
SA 14, and will clear Flag F (F= 0), and will progress to said step SA 12, will perform subinjection 
and the main injection of a fuel with an injector 5, and will carry out a return to after an appropriate 
time. That is, in the state of steady operation, increase-in-quantity amendment of the fuel oil 
consumption like **** is not performed. 

[0055] Fuel-injection control means 40a to which the main injection of a fuel and the subinjection 
before this are made to perform with an injector 5 in almost all the operating range of an engine 1 is 
constituted as a whole by each step of the flow shown in said drawing 5 . Moreover, when an engine 
1 will be in acceleration operational status by the step SA 7, fuel increase-in-quantity amendment 
means 40b which carries out increase-in-quantity amendment of the fuel oil consumption by the 
injector 5 is constituted. This fuel increase-in-quantity amendment means 40b is made to make 
[ more ] the subinjection rate R than the time of being in acceleration operational status by the inside 
load, when the quantity of subinjection and the amount of main injection of a fuel will be made to 
increase, respectively and an engine 1 will be in acceleration operational status by low loading based 
on the operational status, i.e., the loaded condition, and the engine speed of this engine 1 when an 
engine 1 will be in acceleration operational status. 

[0056] When an engine 1 will furthermore be in acceleration operational status by the step SA 8 of 
said flow, Prediction means 40c which predicts whether this engine 1 shifts even to a setting 
operating range by the side of a heavy load is constituted. Decrease subinjection increase-in-quantity 
value deltaQp so that the subinjection rate R may decrease, when it is predicted that ** and an 
engine 1 shift to each step of steps SA9 and SAIO even at a setting operating range. That is, 40d of 
increase-in-quantity regulation means to restrict increase-in-quantity amendment of the subinjection 
quantity by said fiiel increase-in-quantity amendment means 40b is constituted. 
[0057] In addition, although he is trying to subtract the fixed subinjection loss-in-quantity value Qpt 
from subinjection increase-in-quantity value deltaQp with this operation gestalt 1 in order for 40d of 
increase-in-quantity regulation means to restrict increase-in-quantity amendment of the subinjection 
quantity by fiiel increase-in-quantity amendment means 40b as mentioned above not only this — for 
example, - compulsory — secondary — it is also possible to forbid increase in quantity of the 
subinjection quantity by said fuel increase-in-quantity amendment means 40b as injection increase- 
in-quantity value deltaQp=0. 

[0058] (The operation effectiveness of the operation gestalt 1) Therefore, according to the fuel 
control system A of the engine conceming this operation gestalt 1, first, as almost all the operating 
range of an engine 1 is shown in said drawing 3 (b), it divides into subinjection and the main 
injection with the injector 5 of each gas column 2 of an engine 1, and injection supply of a fuel is 
performed. Under the present circumstances, if subinjection of a fuel is performed by the 
compression stroke of a gas column 2, this fuel will be mixed with air, it will bum (premixed 
combustion), and the temperature and the pressure condition of a combustion chamber 4 will be 
raised by this combustion. For example, it is change of the pressure condition (gas colimm internal 
pressure) of the combustion chamber 4 when performing subinjection which is shown in this 
drawing (a) as a continuous line, and the time of not performing subinjection shows by the imaginary 
line. According to this drawing, it can grasp that the pressure condition of a combustion chamber 4 is 
raised by combustion of the subinjected fuel, and gas column intemal pressure becomes very high 
near the TDC conjointly also with a rise of a piston by it. 

[0059] Then, if the main injection is performed by the injector 5 near the TDC, as mentioned above, 
from the temperature and the pressure condition of a combustion chamber 4 having become very 
high, the ignition-delay time amount of the fuel by which the main injection was carried out will 
become very short, and diffusive buming of the most will come to be carried out good. That is, as a 
continuous line shows, when subinjection is performed to said drawing 3 (a), compared with the time 
of not carrying out, the pressure buildup of the standup of combustion becomes quiet and, moreover, 
the peak of a pressure becomes quite high. The output of an engine 1 can improve reducing the 
combustion noise in early stages of combustion, and reducing emission by this. 
[0060] Then, if an engine 1 will be in acceleration operational status, according to change of 
accelerator opening, an engine speed, etc., increase-in-quantity amendment of the fuel oil 
consumption will be carried out by fuel increase-in-quantity amendment means 40b, and engine 
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power will be heightened. That is, by the sudden acceleration operational status of change, the 
amount of increase-in-quantity amendments of a fuel is also enlarged relatively, and, on the other 
hand, the amount of increase-in-quantity amendments of a fuel is relatively made small by the loose 
acceleration operational status of change. 

[0061] Under the present circumstances, based on the loaded condition and the engine speed of an 
engine 1 when being in acceleration operational status, said amount of increase-in-quantity 
amendments is distributed to subinjection and the main injection. Namely, an engine 1 is in a low 
loading thru/or low rotation side relatively at the time of an acceleration start up. Since the 
subinjection rate R is enlarged and the temperature condition of a combustion chamber 4 can be 
promptly raised by combustion of this subinjection fuel so that the temperature condition of a 
combustion chamber 4 is low The operation effectiveness of a fall and emission reduction of a 
combustion noise can fully be acquired as mentioned above, burning the fuels of a lot of very good, 
and fully heightening engine power, even if fuel oil consumption has increased considerably by 
acceleration increase in quantity. 

[0062] By the way, if subinjection of a fuel is performed in early stages of acceleration operation of 
an engine 1 like the above Although ignition-delay time amoimt of a main-injection fuel can be 
shortened extremely, and the combustion noise accompanying the premixed combustion of this 
main-injection fuel can be reduced, and emission can be reduced upwards and inflammable 
improvement can also raise engine power If an engine 1 shifts even to the setting operating range 
shown in said drawing 7 by acceleration operation, since a combustion chamber 4 will become with 
some overheating shortly on the other hand We are anxious about combustion of the subinjected fuel 
becoming intense too much, and the extra-high voltage injection by increase-in-quantity amendment 
and the common-rail method of the aforementioned fuel oil consumption causing increase of a 
combustion noise, and the increment in emission conjointly, at this time. 

[0063] Then, with this operation gestalt, when it predicted that it predicts whether it shifts to said 
setting operating range (step SA8. reference of drawing 5 ), and shifts to the anaphase of acceleration 
operation based on change degrees, such as loaded condition of the engine 1 at that time, when an 
engine 1 will be in acceleration operational status, increase-in-quantity amendment of the 
subinjection quantity was restricted. Thereby, even if an engine 1 shifts to an acceleration operation 
anaphase at said setting operating range, it is lost that combustion of the subinjected fuel becomes 
intense too much, and, therefore, generating of the fault of the combustion noise of an acceleration 
operation anaphase and emission increase resulting from combustion of this subinjection fuel can be 
avoided. 

[0064] On the other hand, if change of the loaded condition of the engine 1 in early stages of 
acceleration operation etc. is not so large as an arrow head shows to this drawing (b), it predicts that 
an engine 1 does not shift at a setting operating range at this time, and loss in quantity of subinjection 
increase-in-quantity value deltaQp is not performed. Namely, if an engine 1 does not shift to the 
anaphase of acceleration operation at a setting operating range, since a combustion chamber 4 does 
not become with some overheating It is making [ many / enough ] it so that fault* s may not arise, 
therefore the amoimt of increase-in-quantity amendments of this subinjection fuel may be 
corresponded to the operational status in early stages of [ acceleration ] an engine 1 , even if it does 
not restrict increase in quantity of the subinjection quantity of a fuel. The operation effectiveness of a 
fall and emission reduction of improvement in the engine power in early stages of acceleration 
operation and a combustion noise can fully be acquired. 

[0065] Drawing 9 shows the control procedure at the time of the acceleration operational status of 
the engine 1 in the fuel control system A concerning the operation gestalt 2 of this invention. 
(Operation gestalt 2) Next, with this operation gestalt 2 When an engine 1 will be in acceleration 
operational status, while carrying out increase-in-quantity amendment of the subinjection quantity 
and the amount of main injection of a fuel by the injector 5 like said operation gestalt 1 He is trying 
to prevent increase of the combustion noise and emission resulting from increase-in-quantity 
amendment of subinjection by decreasing the amount of increase-in-quantity amendments of 
subinjection at the anaphase of acceleration operation. In addition, since the whole fuel-control- 
system A configuration conceming this operation gestalt 2 is the same as the thing (refer to drawing 
2 ) of said operation gestalt 1, the same sign is attached about the same component as the operation 
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gestalt 1, and that explanation is omitted. 

[0066] Concretely, at steps SB1-SB7 of the flow shown in said drawing 9 , the same control 
procedure as steps SA1-SA7 of the operation gestalt 1 is performed, and increase-in-quantity 
amendment of the subinjection quantity and the amoxmt of main injection of a fuel by the injector 5 
is carried out corresponding to acceleration operation of an engine 1. Then, in a step SB 8, it judges 
whether the anaphase of acceleration operation came, and whether the engine 1 more specifically 
shifted to a setting operating range by flie side of a heavy load (refer to drawing 7 ). And if a 
judgment is NO while progressing to a step SB 13, if a judgment becomes the anaphase of 
acceleration operation by YES, it will progress to a step SA 9 and the injection rate correction factor 
Rql will be setup. 

[0067] The value (0<Rq 1< 1) of this injection rate correction factor Rql should just set up 
beforehand bigger constant value (for example, Rq 1= 0.5) than the below-mentioned Rq2. 
Moreover, this injection rate correction factor Rql (0<Rq 1< 1) may be set up so that it may match 
with the operational status of this engine 1 in case there is an engine 1 in addition to said setting 
operating range, i.e., the loaded condition of an engine 1, and an engine speed, for example, a heavy 
load thru/or high rotatjon side may become a small value. 

[0068] Then, at a step SB 10, based on the injection rate correction factor Rql set up at said step SB 
9, the subinjection quantity Qp and the amoimt Qm of main injection are corrected, respectively, it 
progresses to a step SB 1 1 after that, subinjection and the main injection are performed with an 
injector 5 like said operation gestalt 1, and a retum is carried out to after an appropriate time. In 
addition, if said injection rate correction factor Rql is matched with the operational status of an 
engine 1 and it is made to change it, the subinjection rate R comes to change gradually with change 
of the engine operation condition by acceleration operation, and on the other hand, the subinjection 
rate R will not change until the injection rate correction factor Rq 1= 0.5, then an engine 1 shift to a 
setting operating range. 

[0069] At the step SB 13 which judged with YES which became the anaphase of acceleration 
operation, and progressed in said step SB 8 on the other hand, the injection rate correction factor Rq2 
is set up like said step SB 9 (0<Rq2<Rq 1< 1). This injection rate correction factor Rq2 should just 
be taken as Rq 2= 0.4 that what is necessary is just a value smaller than the aforementioned 
correction factor Rql. And at the continuing step SB 14, after correcting the subinjection quantity 
Qp and the amount Qm of main injection like said step SB 10, respectively and decreasing the 
subinjection rate R based on this injection rate correction factor Rq2, it progresses to a step SB 1 1, 
subinjection and the main injection are performed with an injector 5, and a retum is carried out to 
after an appropriate time. 

[0070] That is, when an engine 1 will be in acceleration operational status, based on operational 
status, accelerator opening, etc. of an engine 1 at that time, the amoimt of increase-in-quantity 
amendments of fiiel oil consxmiption and the distribution rate to the subinjection and main injection 
are first determined like said operation gestalt 1 . When an engine 1 actually shifts to the anaphase of 
acceleration operation at a setting operating range, he is trying to, decrease the subinjection rate R on 
the other hand compared with shift before. 

[0071] Here, in said step SB 5, it judges with NO, and since it is made to progress to said steps SB8- 
SB14 at the advanced step SB 12 as a value [ in / for subinjection increase-in-quantity value deltaQp 
and amount of main injection deltaQm / the last control cycle ] (last value), there is no modification 
in the value of subinjection increase-in-quantity value deltaQp set up when an engine 1 would be in 
acceleration operational status, and main-injection increase-in-quantity value deltaQm. Moreover, in 
the state of steady operation of the engine 1 judged in said step SB 4 to be NO, after clearing Flag F 
at a step SB 15, it progresses to (F= 0) and said step SB 1 1, and subinjection and the main injection 
of a fuel are performed with an injector 5, and a retum is carried out to after an appropriate time. 
That is, increase-in-quantity amendment of a fiiel is not performed in the state of steady operation. 
[0072] Fuel-injection control means 40a which has the same fimction as the operation gestalt 1 as a 
whole is constituted by each step of the flow shown in said drawing 9 , and fiiel increase-in-quantity 
amendment means 40b is similarly constituted by the step SB 7. Judgment means 40e which judges 
that the engine 1 shifted to a setting operating range by the side of a heavy load by step SABS of said 
flow is constituted. Furthermore, by each step of steps SB 13 and SB 14 When judged with the engine 
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I having shifted to a setting operating range by said judgment means 40e, 40d of increase-in-qnantity 
regulation means to restrict increase in quantity of the subinjection quantity of a fuel consists of 
correcting the subinjection quantity and the amount of main injection so that the subinjection rate R 
may decrease compared with the judgment before. 

[0073] In addition, although the value of an injection rate correction factor is changed according to 
the operational status of an engine 1 by 40d of said increase-in-quantity regulation means (Rql - 
>Rq2) and he is trying to decrease the subinjection rate R with this operation gestaU 2 at the 
anaphase of acceleration operation When not only this but the engine 1 shifts to a setting operating 
range, it may be made to make subinjection increase-in-quantity value deltaQp (the amoxmt of 
increase-in-quantity amendments of the subinjection quantity of a fiiel) into zero compulsorily. 
[0074] Therefore, according to the fuel control system A of the engine concerning this operation 
gestalt 2 While increase-in-quantity amendment of the fiiel oil consumption by the injector 5 is 
carried out like said operation gestalt 1 in early stages of the acceleration operation when an engine 1 
will be in acceleration operational status (t=tO) as an example is shown in drawing 10 The quantity 
of especially the subinjection quantity of a fiiel is ftxUy increased (tl), and the operation effectiveness 
of a fall and emission reduction of improvement in engine power and a combustion noise is acquired. 

[0075] And as shown in drawing 1 1 (a), the operational status of an engine 1 changes with 
acceleration operations with point PI ->P2 ->P3 of drawing. If an engine 1 shifts to the anaphase 
(point P4) of acceleration operation at a setting operating range by the side of a heavy load (t2), an 
injection rate correction factor will be changed by 40d of increase-in-quantity regulation means (Rql 
->Rq2), and the subinjection rate R will decrease. By this Even if the combustion chamber 4 of an 
engine 1 becomes with some overheating, it can control that combustion of the subinjected fuel 
becomes intense too much, and faults, such as combustion-noise increase and an increment in 
emission, can be prevented. 

[0076] That is, with this operation gestalt 2, the operation effectiveness, such as improvement in the 
acceleration engine performance of an engine 1 and reduction of a combustion noise or emission, can 
fiilly be acquired, respectively by changing the subinjection rate R of the fiiel by the injector 5 in the 
early stages of acceleration operation of an engine 1, and an anaphase. 

[0077] In addition, if the injection rate correction factors Rql and Rq2 are set up in steps SB9 and 
SB 13 of the flow shown in said drawing 9 , respectively so that a heavy load thru/or high rotation 
side may become small according to the operational status of an engine 1 By each step of steps SB7- 
SBIO and steps SB 13 and SB 14 While the engine 1 is acceleration operational status, fiiel increase- 
in-quantity amendment means 40b which changes the amount of increase-in-quantity amendments of 
the subinjection quantity of the fiiel by the injector 5 and the amount of main injection is constituted 
so that the subinjection rate R may decrease corresponding to the loaded condition of this engine 1 
thru/or increase of an engine speed. 

[0078] And when it does in this way, an engine 1 will be in acceleration operational status. Since an 
injection rate correction factor will decrease gradually as the operational status shows said drawing 

II (b) and it changes fi-om a low loading side to point PI ->P2 ->P3 ->P4 to a heavy load thru/or 
high rotation side The amoimt of increase-in-quantity amendments of subinjection of the fiiel by the 
injector 5 and the main injection will be changed so that the subinjection rate R may decrease with 
change of the operational status of an engine 1 . 

[0079] Thereby, during acceleration operation of an engine 1, the subinjection rate R of a fuel can be 
changed the optimal so that it may correspond to the loaded condition of this engine 1 , and change of 
an engine speed, and improvement in the acceleration engine performance of an engine 1 and 
reduction of a combustion noise or emission can be reconciled at a very high dimension. 
[0080] 

[Effect of the Invention] As mentioned above, as explained, when an engine will be in acceleration 
operational status according to the fiiel control system of the diesel power plant concerning invention 
of claim 1, while carrying out the main injection and a fiiel raises engine power by the fuel injection 
valve by subinjection and increasing the quantity of the injection quantity, respectively, the 
combustion noise in early stages of acceleration operation can be reduced, and emission can be 
reduced. And when it is predicted that an engine shifts even to a setting operating range by the side 
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of a heavy load with a prediction means, the cx)mbustion noise of an acceleration operation anaphase 
and increase of emission can be avoided with restricting increase-in-quantity amendment of the 
aforementioned subinjection quantity with an increase-in-quantity regulation means. 
[0081] When it is predicted according to invention of claim 2 that an engine shifts even to a setting 
operating range by the side of a heavy load by acceleration operation, increase of the combustion 
noise and emission resulting from combustion of this subinjection fuel can be certainly prevented by 
forbidding increase in quantity of the subinjection quantity by the fuel increase-in-quantity 
amendment means. 

[0082] When it is predicted according to invention of claim 3 that an engine shifts even to a setting 
operating range by the side of a heavy load by acceleration operation, the effectiveness by invention 
of claim 1 can fully be acquired by carrying out specified quantity reduction of the amount of 
increase-in-quantity amendments of the subinjection quantity by the fuel increase-in-quantity 
amendment means. 

[0083] Moreover, while according to the fuel control system of the diesel power plant conceming 
invention of claim 4 a combustion noise is reduced and emission can be reduced, making the 
quantity of the subinjection quantity of the fuel by the fuel injection valve fully increase in early 
stages of acceleration operation of an engine, and raising engine power like invention of claim 1, a 
combustion noise and emission can be reduced by restricting increase in quantity of the 
aforementioned subinjection quantity to the acceleration operation anaphase when a combustion 
chamber becomes with some overheating. 

[0084] according to invention of claim 5, when an engine actually shifts to the anaphase of 
acceleration operation at a setting operating range, increase of the combustion noise and emission 
resulting from combustion of this subinjection fuel can be certainly prevented by making the amount 
of increase-in-quantity amendments of the subinjection quantity by the fuel increase-in-quantity 
amendment means boiled zero compulsorily. 

[0085] Furthermore, according to the fuel control system of the diesel power plant in invention 
according to claim 6, while making the quantity of the subinjection quantity of the fuel by the fuel 
injection valve fully increase in early stages of acceleration operation of an engine, it is compatible 
in reduction of improvement in the engine power under acceleration operation, a combustion noise, 
and emission at a very high dimension by decreasing a subinjection rate appropriately according to 
change of engine operational status after that. 

[0086] According to invention of claim 7, when an engine will be in acceleration operational status, 
according to the loaded condition of the engine at that time, the temperature condition of this 
combustion chamber is raised appropriately, and the flanmiability of a fuel can be appropriately 
raised by enlarging a subinjection rate, so that the temperature condition of a combustion chamber is 
low. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the explanatory view showing the outline configuration of this invention. 
[Drawing 2] It is the whole control unit block diagram concerning the operation gestalt of this 
invention. 

[Drawing 3] It is the explanatory view showing the closing motion operating state of an injector. 
[Drawing 41 (a) It is drawing showing an example of the control map of fuel oil consumption and (b) 
secondary injection rate. 

[Drawing 5] It is the flow chart Fig. showing the procedure of fuel-injection control. 
[Drawing 6] It is drawing showing an example of a control map which set up the distribution 
coefficient of the subinjection increase-in-quantity value in increase-in-quantity amendment at the 
time of acceleration. 

[Drawing 7] It is drawing showing an example of the setting operating range which restricts 
increase-in-quantity amendment of a fuel in increase-in-quantity amendment at the time of 
acceleration. 

[Drawing 8] (a) the case where the case where an engine shifts to a setting operating range with 
acceleration operation, and (b) shift are not carried out --**-- it is the explanatory view in which 
lessons is taken and change of engine operational status is shown, respectively. 
[Drawing 9] It is the drawing 5 equivalent Fig. concerning the operation gestalt 2 of this invention. 
[Drawing 10] It is the timing diagram Fig. having shown signs that a subinjection rate decreased at 
the anaphase of acceleration operation of an engine. 

[Drawing 11] They are the drawing 8 equivalent Fig. (a) concerning the operation gestalt 2, and 

drawing (b) concerning the modification. 

[Description of Notations] 

A An engine fuel control system 

1 Diesel Power Plant 

2 Gas Colunm 

4 Combustion Chamber 

5 Injector (Fuel Injection Valve) 
40 Control Unit 

40a Fuel-injection control means 

40b Fuel increase-in-quantity amendment means 

40c Prediction means 

40d Increase-in-quantity regulation means 

40e Judgment means 
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7a— fe>-y-2 3i. ^©$-tr>2 9tcj:«)|Ba)3 
nri^*EBffi-r'S:?'a>7 2 4i. C©:^a'72 4tcj: 
•3EffiL-fcfR^^?^ip-r-S-^>^-i'-^2 5i. 
:? ^ -^>'^•J^:/*>^>^C■2>®«ig^^5^2 6 iii^m-ihtiXi,^ 

10 S-C©ff:g©i*.1iK:{4g-:5C:f6n-&J:^«:Aj:o-Cfc<3. 

[0029] — ji>2;^> 1 ©jKStfflij (a©TWJ) (c 

^pm-r F 2 7 c©p»v 
-sfou K 2 7©Tifeig#i^giJ{cgf^K2 8 ifimm^in 

•Cl^So C©P«a5§2 8{C«±SgffliW:><E,TSfe{SJ{CiSj*i 
o-rJUcc. gfMijS{cJ:0Iiie^n-5,^-f>2 9<!:. P 
^^©W^fiS^ (*MHC. CO. NOx. 
20 ^) *l^*-r-5A:Js{>©ftS^3>M-$3 0<!:J&SiEtg;$n 
rtiSo S«fB5?-f>2 9 i®m3lSS2 0©:7'n'7 2 4 
<i:*iP)^c-5 5f-#ja*&^3 1«. i¥ffl«0^SL.^Cti*s. 
pJlt)^©-7 7 y T'tc J: 0 if- 1> 2 9 '^.©PMSSEBS©»r 

mm (^x;b»f®a) ^r^-fb^-a-^cfc^ccLfcVGT 

-'^•+.»-A.•J<>7•l 9*i6©ftii^fijffl-r-5:ftii 
fgttSC©Ti'5^*x-5'3 5«:j:-5T|3i«jsn-SJ;5fc 

[0 0 3 0 ] S /c, HUfBMiflg3 3 0 

30 0ml/^cfc^*5, PM©^#a-5:&[6i(CfS-o-cSi,i«:^fK: 
StJf St^!»©«3i?L*Wr *-'>-*A«tji©3-i?:t 5 
h^ffift?:Wr-5 4>©-C*>i3. -?-©ffl^*©§«a?LS 

ffiict»to«9)S y ->NOx»«©M*i/i*^!?K^$nrt,> 
5. c©';->NOxfci!ji««. mm^<mmms.im\.> 

it. BP%j|^^4©^i^fi«J?c^Mja«I^A*si J:0*> 
A#%';->t^-^r*-5rfe. Pm4i©NOx^il7c?# 
{ t-c t ^ i i (c . sis^mf^ia-c wHTcfttjei i o r 
fe«b< «>©t?*-5. 

[0 03 1 ] 3^{C. ByiBPm3l3§2 81*. ^-f>2 
40 9J:<5^>P^jjSl!nj©SP{4-C. Pm©-gf5^^W{ca 
^.P^iSiiSg <fe(TEGRaS§iC^'5) 3 3© 
imMic^imi^^in-cis*), c©EGRailfS3 3©T 
W^ifimnML*)^ 2 6 ^ > 2 1 ©ct^P^©® 
aaifS2 OK^i^Jiirt^r. P^SS2 8A>6I!?«3tli 
L/cgfM©— g|J?:®«iiS82 0 {CjlSS$-&SJ:^i{C)a:o 
r(,»5. Sfc. gEEGRa883 3©jS'f>©TSS^SF«5{C 

{*. mmMm-^mummMmMWABf^ (j^TEGR^i 

3 4*JiBg$tl. C©EGR^3 4*sf!riB^-;j^ 

ja*&ta3 i©7^?-:r<!:i5iS{c:ftEEig«is:Ti'9^*x- 

50 3f3 5{cJ:0PaBBf'P«i3nSCi-C. EGRjiS833© 
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[0 0 3 2] gui2S-<'>i^ii'3'5. *^«tS5j<>y 
8. iam«?»)#2 6. VGT3 1 . EGR^34«». 
C>"ftl*>3> ha— h (Electronic Contorol 
unit: JilTECUiC^^) 4 0 *>6©$0{aift^{C J; -^T 
f'fttT-S. C©ECU4 0{C«. mUimEEJj-iz 

m#<b. xT:7D-i2>-9-2 3*i6©Ul;^3(t-^<i:. mm 

[0 03 3] ^Ur. B«ieECU4 0K:J:SS:*fi«jAj:$lJ 

«l^#J&S-f'«*t^»i=&$IJta)^ ^ <!: i K: , iaFffiPJ^ Ji< 
>7-8£DflPKi{cJ:»3 3*>u--'i'JI. IP%jgai«S*lI:^3 
?:©J®^-5. asfc. igimiK*)^2 6RCXEGR^3 4© 20 

immwic J; ^ r ® Asgms'&i^gpt- c i -c. j^j?^ 
40D¥i&efj&smja*J^^$ijffli-r-s. sew:. vgt3 

[0034] Mimtic^ m^itmnmrnpimt uru. 

S-?'|5|lK?^©^{l:K:i&D-c#«i)ffl*>< ^Jg-rsc i-c. 
[0035] $/c. BUiBE GR^3 4 OOfPtt^lJ® ( E G 

Rmm) ib-nt. ^Mig!2{citji(Ds^^^ 4o 

4--©iii^©^A^ms^t^mix. c©t^fflfiiis«ig} 
2s<Dj^i4ifiS4fii(c»-:5i,^r. mumm^^mmic 

SP«jiisSES*i(|g5-r^bci{cj:»). mM4^<DmfS. 
[0 03 6] 3e>tC. Kmig^D#28©f^8ll*IHaiiO-C 50 
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it. BJiB©<fc 5 3Q: E G R*«i®«: J: ») mmm(omm=^mm 

®5v^0^2 e^^&m^iUr. ®fcaii5S2 0{C^i)E 

2 6 {iSt*a^ttg|i-r* J: ^ tc Urtii. 

[ 0 0 3 7 ] i^a. — flsetjtc. iffi^scf^^ --fe'ji/i^i/ry 

©ii%±*s«5 3 -eSCir. NOx©^* 

}qj$ijT#s*i. ifasi^*5ii^n«-e©^, tf^©® 

A^«S*s«ii>L.-C. j^S©^i^l0«)^cS«a«iJ^*s/jN 

3 < ^cO. ©mw^cjlig^g^gp^tcfei:^^^*-^'© 
^*3&Sit»Irt--5{«Ifi)*s*-5, -ec-C. C©|0l?gS|{C 
few .S E G R^ 3 4 <0?^mvit, B«iB£g^jS*J^©@S 

[0038] (^mmw^<Dimmsmm) -^ic. x 

SJ^HJ-rSi, ECU4 0©^*UfC«@4 (a)Cb)K:— 

trfeo, cn€.©ifi***ijaiv-y:/*>e,x>*P>i ©a^ 

•5. P0(a){C^f ji^l4iSWS©-5':?7'ic«. 

x>iP> 1 ©a?^S8RO'x>iP>|5i3^©^^b{cft;t; 

snrfeo, Ti'-fe-'mg-b>-9-3 6 35i6©ai:^fl-^fe: 
»-:JC»-c:*J6/ce«h^l'i' (x>i;> i ©Jti^t^CSS) <k 
i'^>i'^-fe>-!^-l 6*>6©ai;t»fi#(ca-:J(,>T^«{>fc 
X > > HSiij i fca-^t ^ r , fy f Bj^.*4«»fMv 

6x>i?> 1 (Dw^mtiicM!t^-ri>m:^mnmmmQb 
3&5^*ji$n-5. c©a*Mf4i«wsQb«ash;i'i? 

$/cX>*^>|iI^fg[7&Slffi(,>«i-. ^<^C 

■5<fc-5(CS:^iBlt^$tl-CfeO, C©<fc'5K:L'r^J!^iA$ 

[ 0 0 3 9 ] i/c, lsISCb){C^-riiJieS*SlI^©v f 7" 

«: « . Hu f B i imilfc X > i> > 1 ©filwtfc^RO'x > > 
lllg^(C?=fjSf^t^TSJi«*fflI^R*ifB«i3n-CtiS. 
@{cj:n«. -r^i^xi'^f 5«:J:S*sm)«**«i|i^«:4J 

(-T) (Cfel»rSiJi!i*ff!|^R*iR = 2 0~4 0%<b? 

n. ^fii^ae^J^ (n) •c«r= 10-20% 
i 3 n. s ^tcig:aitfiij©ateMi^ (^^) -c»r = 5 ~ 

i©:amft^sg*s®i,u5i'At < 5tis, 1^. smwi^ 

"BM <!:^^*3l±/cM*4©i^i!iS*«»x>S^> 1 ©:ft?5t« 

i'^ < & s©r . M*fi«j«:jl^©iiji«*ts« 

x>t>> 1 ©iifAi^ffliJ©:€r7!)5^ < ^c-5>. 

[0 04 0] #e>fC, mnkOUL^t^, ECU4 0©j><* 
VttCU. MIB i im^glfC X > > 1 ©ftitt^.^RO'x > 
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$ n ^) J; ^ (c JS: r c i 
[004 1 ] c®i!gttB#»jcDv V :ric{t. 
>i©ft?^t«^.. j^>':»llfESi[. 

a^sEmstixi^x. -m^mi-ftnt. i>e^>7ks*s{s 

©El^±3fE.^^ (ATDC) 3 5- C AJ: 0 «>tiB?ri 3 

[0042] (immmimmmmmim) x 

•5. -r^ciD^. HfriBcDin<i>i^>i©afetm> ip^ 

[ 0 0 4 3 1 sfc. mii<Dfmmmm<mMmiEm\t^ 

©!^mgi5^<i:L.r. c©ji«fi?i^sgrw. ^(omni^mm 
> 1 *ijnaast«@.fc!a:-,fciit®sx>sj> i o:^^^ 

1 (Dnmm^3L>i^-^^micf5>oxn^m-r 

^J:^icOXi,^?>, 

[0044] HIT. x>i^> 1 (Dmm»mKm<Dt^<o 
m^m^m^m<DSi!km^m'k: m 5 cc^-r 7 p - ^ -c - 

tt, ECU4 oo^*';±«:^^e<jjctss^3n/c$ijtai^ 

[0 04 5] sr. X^J- -yT'S A 1 {C*Jt» 
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T. i'^^i'^im^. iT7P-H2>-!fffl:^. T^-kJV 

;^x!?:/SA2{cfct»r. ri'H2Ji'Pg^*>6**/cas 
10 m^ih^. mm7.7-v':fSA2x^fcmmm^mmm. 

[0046] 

Qp = RxQ. Qm = (1-R) xQ 
[0 04 7]i^C^T. 7"S A4K:*st,ir. x>5^ 

■fe^i'gffi-f'-eo^^tjisso'x > s^>[5ie?g[®^{tg[^ 
i>-k^ii)*x\t. jmmwtmxYEst.m'&i^x. 7.^ 

7' S A 5 CCjttf, C<D;^7^-^r'*SA5-C{3:. x>i?> 
ffi*! 0 <fc- 5 *>*IJSII 1/ . F = 1 X >i?> 1 »HU 

30 \t. x>ix>id5sma^t*i^*^e>»n3ia^tfc?g{c^c-:> 

A6{c*sj,>rjna*'l^7^d^F©ffli& ifc-rs (f = 
1) . 

[0 04 8] ^ti-C. X7^-^:/SA7«C*S(,»T. x>ix 

Ki*. *fcc©fisi{'p*i^^c«i'. immmmi!fi^<f3:?, 

40 -r J; ^ V 6 bu iettSffiiES©ifJ«ftf '^©^ 

m^^^^mi^j^^. com^icm-^i^xmiEi^mmiEm 
^^Wii^x, nifii**i«fiiAQpRyf^i!S«*tafiiAQ 

m<&-en^4aa:^r^ (AQp>AQm) . 
[0 04 9] CCr. HUf306©flJfflIv-^7'{Ccfcn«, 

^S5«^«. *naaitet^*i§(c;a:^fci #©x>i^> i © 

(css^nrteo, «?!l^tix>t;'>i7&iffi[5ii£*io{gs 
iwafet*;.^cc*n«sj«*tn^Rw i o o%< e>tiK:rj: 

x>S» 1 *Sitilil|g*>ofiiti:ft?^a«£tt®K: 

50 **i{*iij«Mf(^«8 o%< 6i>tc«c*). $e.tc. -en 
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-?>3ai»fli»lCi& 4 J: ^ rj:m^m-c$> 6. 
[005 1 ] i^i^-c. H(rf2X7^ "J -ys a 8 {cfct^rsje 

S) . ^< X7^-;>-:^SA9(C*Jt>rgiJi!ttfj^afiiQp t 

*ill@L/. iK< :^5^f:/s A 1 0(c*s(r>r. Btrsx-f--^ 20 

itafiiAQpiLr. ;^f"^r:/SAl itciltp. — 
mTIB:^-?- -V r^S A 8 Jcfcti-c^^aiS^^fc^f U^ci,^ 
<b^?B<]l//ci#tC« (#iJ^*SNO) . iimWiffifilAQ 
p»^CDi3S-C. :^5^-;'7"SAl ItCiitf, COX-T^i. 
:/SAl lt?«. BiriBX7^-7 7'SA3-C?ll»LfcBJi®*f 
«Q p tCBfiiBiiJ«*tif SffiAQ p ^mWLXm^mj:S\ 

l^r. g[IiJ«*f«QpS(>'^"!tW»AQmfC>pJ-j£;^^$IJ 30 

[0 05 2] *na®^(cJ:o-cx>s^> l3!»si9: 

r. sji«*f 3 titcmn<Dm.m/^T&s.i<cm. u < s c i * 

HIjST -5 fcfetc . ^«6j8SPKOSJi®i«©19fi?rjqi A S J: 

•5{CtT(,^-S. 1^. Baiax7--:'r''SA9{ctet>r»lfJ« 
*tiSSfiiQp t <bLT^S{)g:SL//c— ^©fii^ECU4 40 

o©-^^';*>6Ki^3itfj:^ic-rntf J:< . ^c^B-e© 

[0053]—:^. HfriexT-f^'SAStcfci^r. x> 
1 *imr[5i©siJtsi-9--r i'^i'A^effiigSbTjnaaifet^iSi 
T^>5NO^*|JSl^Tji^fc•x7^•?:?•sA 1 3-c«. §ij 

i««*iafilAQp?rmri5l(D*iJia)-y--i'^^i'K:t5t:f€>ffl (bu 
UlAQp) iL, .BUiB:^-f-f 7*SA 1 T'S 
A 1 2 tc^i^t?. >i?* ^? 5 K J; "J *!S«©SJiSttR 
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affiAQpRC/^«t*ltBfilAQmtt. x>i^>l®ftn 
[0 0541 Sfc. 85geX7^?»7*SA4(C*5Ur. x> 

1 j&iftiaast't^-c^cCiJNOi^ijs^nnrt. x> 
1 4icmA.-cy^ifF=^p'jT0 (F = o) . -end^e) 

IJffi>^f"5':?"SA 1 2{Cji^^. >f>S^xi'^f5{Cj:i5 
*?Si^©I<J'«*fRO'i'««?rll?f 3-t±r. ix*>^.^K:y^ 

[0 05 5 1 mrSS5(CS^-r7 0-©S;:^f-!ir:/tC,t 
0. ^^*<bb-C. x>s;>l©5&t'^-C©a^IJ^K:*j 

mmmt^nt>ii^mmmswm^m4 o a itmf&s n 

ri^S. 35A:. :^^-yr^SA7(cJ:0. x>*/>i*JJn 

l«*ifSffliE-r-2.jgSI4iiaffliE^I24 0 bA^^fig^n 
rt>S, c©j!!?Ji|sf*«fitijE*©4 0b». x:x2^>i*s 

i)Djiaig**.««:^c-5/ci^©igx>s/> 1 ©aiKt«s. 

EP%:ft#t»jmc/x>s/>|5]^f^«:a-:Ji,>-c. jS«l4©SJ 
««R(yf±««S4^n-enit«3-&-54>©-cib«?. x 
1 *ifi«#-C*03iaitot^S§«:J5:o/ci * 

nm-cmmmmviMK. ^ /c i # <fc »? *>sj«s*sii^r 

[0 05 6] $6(CBuia7P-©;^f-y7*SA8ic<f: 
•5. x>i;>i*!*naafte<^««:«to/ci#. Rx>£P 

^S'j-r s ^^S'j^s 4 0c 3&ii#^ 3n. x7^-;;7*sa9. 

S A 1 0 ©S;^ X «y 0 . x >i?> i A^KSlteM^ 

{c35•e^^T■r■5 c iJ&i^aij^tiytitKttiijpBitid^R 

3!»iii>«c < Aj: S «fc ^ {cM(Ji«*flf Sffi A Q p *?^ii>3 -S^ . 
iPfe. BufBMI4tiaiiiE^IS4 0 b{c<fc^>liji««a©it 

atSiE**iiiE-rs*ia*s*«j*©4 0 d*s«fi£3n-c(,» 

5. 

[ 0 0 5 7 ] isa. c ©I|j5fiji5.« 1 -c«. l?ia©cfc ^ Kj^ 

*4itfiffliE^©4 0 b ic^^mmsm<om&miEimm 

^i*iJ*S4 0 d (CJ: OfiJIE-r^fca&Cc, SMWltafiiA 

Qp*^6-S©IiJ«f42gaifiiQp t?r?^-rSJ:'5KL 

ri,^^*i. cntcK^T. mtf?^JS«jtciiji!t«Jfa(ii 
AQ p = 0 i L-c. mummmmmiE^^A 0 b tc j: ^ 
®ii!ii«©iia«:«±-rs J: 5 tc-ra c 1 1 njsg-e* 

[005 8 ] (^jgjig 1 (oifmum) b/c^s-^r. c 
(ommm^ 1 (ci5gsx>i?>©i^*4$iJisisigAcc<fcn 
sr. x>i?>i©5&i'^r©ate0ill«c*ji»r. 
l«iaS3 (b){c^-rj:^(c, x>i?> 1 ©§^|§f2©-/ 
> X 5 (c J: 0 giJiaW t i T j^**©* 
««it&*stftons. c©[S. «ISf2©ffiffiifS-cia[fs4© 

5ijieif*i?f ton i>t. c (ojmifi^tm^ 3 nr jss^s 
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>©±^ t ^>ffitgo r T D cifi^-cMgirt Kj&sgfe-ciis 

[0 0 5 9 ] i^t^-C. TDCafi|-C-r>i^^^^5{Cj; 

t£i)^':,icb^icit^xmM<D\Lib±.1fi*)(OE.ts±.m-i)m 

(DC i-C. jg?JS»7]»!<Di^^^>&{gT3-&*^Oi 5 f 
3>€:{g?liOJ&*i6. J:.>S^>l(Dai:^»[fil±-rSC<»: 

c 0 0 6 0 ] -e- ^ . s.yiyy i AsjnjsaigttssK^c 20 
[006 1 ] c©i^, fti2aiettSi(c^cofct*©i> 
tfs©-c. immticj;:r>xmnmmmffiiptj:K>^<tj: 

oTL^Tfe. ^©0tS©j!!g|^J«:®»r^K:j!gaK3-&r . 
x>iP>ai;'3?:+^5-K:ig;*oo. Ufa© J: ^ tcjgSi^^ 

[0 06 2 ] iC5-e, B?fa©$P<. i>i?>l©»DS 
aKt7J^K:j^*4©iiJ«*f*?fx«. ^«j^^*4©«^ii 40 

cti>ix^?>±(^. j^j^©[^ii±tcj:-:>ri>i^>a;^> 
*>iS*^ci*5f ^5^>©-e£bS*5. — Uamm^ic 

i^f-rSi. ^gWjl^«i^4*siai^l*{Cfj:S©-C, H« 

%E<Dmnmmm(Dm&miE^ n ^ > b - )vyj^i,c j: 5 e 

iSlE«*ti4>ti|g^r. giJ«*f3n/tj|«Sif4©ji?SM3&53ig 
ccaitb</j:oTU*i». c©i#K:JlS«l«#©ii;*:-^i 
5 ?»*^a>©*9i!]n^S< Ci*lSfeg:3nS, 50 
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[0063] -ec-C. C©||JSJ^.^-». i>i?> 1 J&J 

iinaa^^^effitc/j-Ditiit. -e©iif©i>2^>i©:ft 

i^ttSS^©^jtS^t,»{ca-:5(,ir. *D3^i£©^»iCCH5 
S©ltSMiE^flIKT'5J:0{Cbfc. cntcj:*). JtoiS 

ae^cc i > > 1 *s|iriBi9M$£M^K:^f 1/ r 

[0064] i5i0(b){c5^Enr^i^-r<t 5«c. jna 

asi7)*s©x>i?> 1 ©:fti5ft«t*i^©^<fc*i** »5 A# 
< ^^cwna, c©i t?(c«i>i^> 1 »^^asM^tc 
0 t ^ i ^sa 0 . Mimi^itaoA q p © ji««tf ^ 

«iiiE«*x>t;> 1 ©»na??jw©afe<^s8K:?tjs^^, 

tll:^©|oI±. j!^^#©ffiTSC^ i 5 3 

[006 5] ( jiisjfj^2 ) ;^(c. m 9 :^mm<Dm 
mmi&2 (^^^mnmw^m.Aicis»hs.>iy> i ©jn 
aa^t^ss© i # ©$ijfflj#i®*^ 1/ . c ommmm 2 
tt. i > > 1 ifiua^mmic 0 ^ i * {CHirtafijs 
j^si 1 i lenijc . > * ^ 5? 5 cfc ^m^<om'mm. 
Rz/^mmm=s:mmmiEr s <t i tc , tinaa^©f*w 

(C«SiJi«S^©ii«tiiE«*i«:J> ^ii:i>CtX\ SJ***© 

i-r-Si^CCL-cCi-So i^a, c©3|]Sig?^ffi2K:{j^^j^.*4 
*iJ®SISA©^i*«fig«B«iBl|]te?^fiS 1 ©4>© (0 2 # 
M) <bigi;^©-C. HiSJK^l <bplD«)i!cS^(Cot,»r 

[0066] huIBH 9 P-©X-?- 

7'S B 1 - S B 7 -CtJ. 1 ©;=^f f 7'S A 1 ~ 

sA7 4raD*iJtsp*jiB=&iitfi.. x>s/> 1 ©jDniiafe 
i«i«^ii«iiiE-r^. m>x. XT-yysBSias 

mMK.(D'ikmiCfj:tHty^7-vy' SB 1 StCitt?— 73. « 

s*iNO-c&ti«. >'•sA9^cii^■c. i«*fi!i^ 

«EiE^Rql*l93£^-5. 
[006 7] C:©i!tS4SJ^<»iE^?^Rql®fii (0 <Rql 

< 1 ) tt. ^©Rq2j;») ^>:^#i^J:— ^fii (mtf. R 
qi=0. 5) =S:'f'isbWtMUXismtJ:\,K ^"SS* 
m^miE^Rql ( 0 <Rql< 1 ) 1 
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iBs^ta^^Ji^K: s> i t cD^i > i? > 1 ©astt 

C0 06 8]iKt>r. :^f-vfSBl 0-Cit. BJse:^f" 

T'S B 9 -CS^$tl/tP«Wf!l^«iE«^Rql{ca-:Jt,> 

«^Rqi?rx>i^> 1 oymmmK.Mtci'niixmt^-^ 

> 1 i)m^wmK.m=r-iri> ^ -c. gjiaitfii^ r «^ 
[0 06 9 ] — B(ria;^7^ f 7*s b 8 (cjba^r. Jna 

M^<D'ik'miCt£ -o/cY E S ^*IJSbrii^ft:;^7^ :/s 
B 1 3 -C«. B«iBX-r 7'S B 9 i lal^tci«»ff!|^<^iE 
^^Rq2*s9fl£-rS (0<Rq2<Rql<l) . C©«*» 20 

S!l^^iE1^^Rq2«tuie©{*iE^^|gfRqiJ; 0 ^>/^3^cffi 
r*n«j:<. mttRq2=o. 4i-r*itf<fct». 

(c»-:Ji.^t:. 1513:5^7" :/S B l o iPI^tcSdiigStSQ 

=S:j«ii>$-l±fcfgfC. B 1 1 tCjl^-C'^ >S^* 

i'^f 5K:j:»jSJi!g|>fRiyt^«S**||ff$-if. t/*>S«{c 

C 0 0 7 0 ] -OS f) . x>i^> 1 ^sftn^Stt'^icfj:-:, 

[0 0 7 1 ] CCr. luiax-r-i;:/S BStCfel^TNO 
i*IM0■rji^/c;^7•^':^SB 1 2-c«. iiJiaWiSSffii 
AQ pRytii®S«AQm€:ffr|51<D$lItai-9--< i'Jl'KlfcW 

■sffi (Wiafii) iur. «tria:3^f"»^r*'SB8~sB 1 4 

l#i«ffiAQm©fii{cw^|g«!^j:«,i. S/t. mrfE;^^-^ 

7"s B4{c*ji,i-cNOi«^$n/cx>i?> 

et*JSir». XT---' B 1 5r77^F^ i"JTL/c 

f^K: (F = o) . mii:^7-yy'SBi l^cil^r. -f^ 
[0072] mnsm 9 tc^J^-r n -©^x 7" y J: 
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> 1 ASlSfi<Sf«iJ©SSa^l^«:i^f b/cC <!:*49*E-r 
.■5*IJ3£#S4 0 e3!)i«lfiS$n. Xt" 2. B 1 3 . SB 

1 4©S:^f--^7'{cJ;0. 1«fe*'J^^S4 0 e(cj;-:.r 

[ 0 0 7 3 ] i^. ii<ommim2 -cut.. mfmmm\^ 

S4 0 d tc cfc 0 Rtit*ll^<SjE«^©fit?rx>i;=> 1 ©a 
KfJSlKlI&D-r^MtT (Rql-Rq2) . finj$a^©ft 

»3K:Sim«S9^R^ji^ii>$-if-5<t^(co-cc^^*s. cn 

fci^. gim^ifsfflAQp (Mi4©sj«*ffi©*iaffi 

[0 074] Lfcifi^X. C<Dmm^M2t^%i>x.-^V^ 

>©«*iN^WJ^a^sA{c a i o fc-fi^^^-rj: ^ 
tc. 1 *ijnaagi^^ifc^c-,fci ^ ( t = t 

0) , ^(DimMmi<om<<ckm^^smm\ twimt^ 

#«:j!!^©MiJ«»«-<>s+^{cftS3n-C (t 

1) , x>i?>[fi:^j©(Di±. j^.jK^©{£TSO'x 5 

[007 5] ^-LT. 01 1 (a)«:^-rj:^{c. ttiaa 

etc J: o -Cx>i» 1 ©aK4^@.*^S©,'^.P 1 — P 2 — 

P3tmtLXi,^-,x. mmm.^(o^^m (,"SP4) ^cx 

2 ) . mmmm^m. 4 o d k j: o msni^miEmmti^ 

Msnr <Rqi-^Rq2) . ^mmm-^Rifim^Po. en 

{c<fcO, x>i^>i©j^^4*i3ii^«fl*U:/i-5-c4>. 

ox, mmm§m:K-p3is.y'^a>i^mt(.^'ytc:m^ 

[0 0 7 6] o^O. C©IIMJ^jl§2-C». x>iP>l 
©JDaaig©l7J»!<!:m»!<kr. -f>S^i5'5J5«:J:^j|^ 

*4©sji«Wf!i^R'Sr^ST€.ci-e. -en-eti, x>i^ 
[0 07 7] i^a. Huga09{c^-r7a-©;^7=--/7'SB 

9. SB 1 SJCfcl^T. i«i=ff(I^^^iE^RqX Rq2 

-g-n-en. x>2;>>i©aK<^««:tc:;DriSmi§f):c 

:?"S B7 — SB 1 OSC;fXf^-^:/SB 1 3, SB 14© 
T- y y'lcj: 0 . X >i? > 1 AiJnaiaei^^^fc^c o r 
t^sra, tex>>J> i©:ft?5tt«|^ci,^Lx>i?>|5iK^ 
©ii;^«:3*i£; b rgiJigWSJ^R 7!)iii>Ji < rj: s J: ^> . -f > 
i?* d» 5 tc cfc Sjl!f|i^©SJ«StSRCfSi«*fa©i9affl 
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1 (b){C7n^J:^tC-^.P 1-P2— P3— P4'>.il£e[ 

R *ii^-r ^ J: -5 Jc^MS c i «: ^ . 

[0 07 9 ] cntc J: 9 > i>j^>i(Dflnjia^*(c. lo 

[0 08 0] 

[0 08 1 ] W^2©^ijB{Cj:.5i. x>i^>3&sjna 

^S'j 3 n/c i # {c«. Mif4itatijE^ia(c cfc ^^mrnm 

[0 08 2] fS*«3©^B^fCj:5,i. x>i»*iilD2 

©tia^iE«*©f ^ai^ § ti- ^ c <!: 1 ® » 

[0 08 3] tS/c. if*314©?SI^(C^^Sf='-<— if^UX 

^ifT. ft^^i©l6B^<!:p)^tcx>i;>ai;'3*i^±$ 

B5ie©SJi!S*ta©iSa%©JRBT-2. C i (C J; «5 . 
[0 08 4] fi*]S5©^l8{Cj:Si. x>i^>3&sjnil 
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[0 08 5] 5e>tC. it*J»6gB^©^(C*jW^,x^ 
— fe';bx>i?><Dj8S<sj$jja)Sai{cJ:.5<!:. x>*;>©Jn 

M$aiE4'©x>$;>liI:tKD|aj±ijjj!Sf^^RC/x5 5^ 
«etfc1l{CJ&:ofcd:#. -e-©<fc*©x>i?>©fiiStti:gl 

[0S©1S#ttSiB^] 

[01] *#l?S©8iliiS«fiS*^-r5!i^ia-r?*^. 
■5. 

[04] (a)jt^?4'«wascxcb)Sji«s#fa^©*(iaiv 

[05] j^»4igt**iIQl©*lll?:^T7P-^i.-hS-c 

[0 6] »naB$iiaffliE{c*ji:f.5,§(jpai*itafB©^iefi^ 

[07] »nj$ll#it«ISjE{C*jl,»-r*^©itS*fiE**»JI® 

[0 8] (a)ftiaaKK:f^Ktix>5^>*5g:sagM^Jc 

x>i;>©«6t«ai©^'fb*^-ri{iW0-c* s. 
[09] ^mm(Dmmmmi 2 kh^ s 0 5 tH^ar * .5 , 
[010] x>i?><D*ra3iate©fMiicc§ij«wsii^*5j« 

ii>-r SS^Sr^ Ufc if A ^ 1^ - h 0-C* -5, 
[011] lll&0^2(C{^e08tg^0Ca)<b. -e©^ 

?f^t??K:^S0 (b)-cab .5. 
[?g^-^©IJiBj] 

1 — •fe*JbX>i?> 

2 miiS 

4 

4 0 n> h D-jl-jix y h 
40 a ll^*^**^*!®)*!? 

40b mmmmiE^m 

40 c ^Sl*® 
40 d it««$i|*l8 

40 e mm^m. 
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